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WHAT IS CLAIMED IS; 


ill 


1. A semiconductor memory elefoent comprising: 

a thin film region farmed over an insulator and made 
of a semiconductor ; 

first and second low[-resi stance regions, 

wherein said thin fijlm region has a first end 
portion connected with said fijrst low-resistance region, and 

wherein said thin film region has a second end 
portion connection with said Second low-resistance region; and 

a control electrode for controlling said thin film 
region, wherein said control (electrode entirely covers said 
thin film region. 

2. A semiconductor memory element comprising: 

a thin film region formed over an insulator and made 
of a semiconductor; I 

first and second low-resistance regions, 

wherein said thin film region has a first end 
portion connected with said first low-resistance region, and 
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wherein said thin film region has a second end 


portion connected with said 


second low-resistance region, and 


region, 


a control electrode for controlling said thin film 


wherein said firs" and second low-resistance regions 
are formed over said insula1:or. 

I 

3. A semiconductor memory) element for storing at least 2 
bits, comprising: 

first and second thin film regions formed over an 
insulator and made of a semiconductor; 


first and second 


low-resistance regions made thicker 


than said thin film region;, and formed into a substantially 


rectangular shape having a 


longer side that is at least two 


times longer than a shorter side, 

wherein said first thin film region has a first end 
portion connected with said first low-resistance region, 

wherein said fi::st thin film region has a second end 
portion connected with sa:.d second low-resistance region, 


wherein said se 
portion connected with sa 


zond thin film region has its one end 
id first low-resistance region, and 


wherein said second thin film region has its other 
end portion connected with said second low- resistance region; 
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r . 

m 


a first control electrode for controlling said first 
thin film region; and 

a second control elecjtrode for controlling said 
second thin film region. 

4. A semiconductor memory element for storing at least 2 
bits, comprising: 



first and second thin film regions formed over an 
insulator and made of a semiconductor ; 

a first low-resistance region made thicker than said 
thin film regions and formed knto a substantially rectangular 
shape having a longer side tWat is • at least two times longer 
than a shorter side; f 

second and third 1 sw-resistance regions made thicker 


than said thin film region, 


thin film region has a first end 
first low-resistance region, 


wherein said first 
portion connected with said 

wherein said firs: thin film region has a second end 
portion connected with said second low-resistance region, 


wherein said seccnd thin film region has a first end 
portion connected with said first low-resistance region, and 

wherein said secpnd thin film region has a second 
end portion connected with] said third low- resistance region; 
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a first control elefbtrode for controlling said first 
thin film region; and 

a second control electrode for controlling said 
second thin film region. 


5. A semiconductor memory 
bits, comprising: 

first and second t 
insulator and made of a semi 


< 'lenient for storing at least 2 


iin film regions formed over an 
conductor ; 


first, second, third and fourth low-resistance 


regions made thicker than sa 


wherein said first thin film region has a first end 


portion connected with said 


portion connected with said 


id thin film regions, 


first low-resistance region, 


wherein said firs^ thin film region has a second end 


second low-resistance region, 


wherein said seco id thin film region has a first end 


portion connected with said 


end portion connected with 
and 

a common control 
first and second thin film 


third low-resistance region, and 


wherein said second thin film region has a second 


said fourth low- resistance region; 

electrode for controlling said 
regions. 
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6. A semiconductor memory elemfent for storing at least 2 
bits, comprising: 

first and second thinl film regions formed over an 
insulator and made of a semiconductor; 

first, second and third low-resistance regions made 
thicker than said thin film regions, 

wherein said first 'thin film region has a first end 
portion connected with said fitst low-resistance region, 

wherein said first thin film region has a second end 
portion connected with said second low-resistance region, 

wherein said second' thin film region has a first end 
portion connected with said first low-resistance region, and 

wherein said second thin film region has a second 
end portion connected with s^id third low- resistance region; 
and 

a common control electrode formed into a 
substantially rectangular shape having a longer side that is 
at least two times longer than a shorter side for controlling 
said first and second thin film regions. 


7. A semiconductor memor^ element for storing at least 2 
bits, comprising: 
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first and second thin film regions formed over an 
insulator and made of a semiconductor; 

a first low-resistance region made thicker than said 
thin film regions and formed (into a substantially rectangular 
shape having a longer side tljiat is at least two times longer 
than a shorter side; 

second and third ]|ow-resistance regions made thicker 


than said thin film region 


w 


wherein said first thin film region has a first end 
portion connected with said/ first low-resistance region, 

wherein said firit thin film region has a second end 
portion connected with said second low-resistance region, 

wherein said second thin film region has a first end 
portion connected with saijd first low-resistance region, and 

wherein said second thin film region has a second 
end portion connected witji said third low- resistance region; 
and 

a common control electrode formed into a 
substantially rectangular shape having a longer side that is 
at least two times longer than a shorter side for controlling 
said first and second thin film regions, 
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wherein a longitudinal /direction of said first 
low-resistance region and a longitudinal direction of said 
control electrode are generally /in parallel. 


8 . A semiconductor memory element for storing at least 4 
bits, comprising: L 

first, second, thfrp. and fourth thin film regions 
formed over an insulator and /made of a semiconductor; 

first, second, third and fourth low-resistance 
regions made thicker than said thin film regions and formed 
into a substantially rectangular shape having a longer side at 
least two times longer than a shorter side, 

wherein said fir/st thin film region has a first end 
portion connected with said first low-resistance region, 

wherein said fi/rst thin film region has a second end 
portion connected with said second low-resistance region, 

wherein said second thin film region has a first end 
portion connected with said first low-resistance region, 

wherein said /second thin film region has a second 
end portion connected with said second low- resistance region, 

wherein said third thin, film region has a first end 
portion connected with, said third low-resistance region, 
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wherein said third thin film region has a second end 
portion connected with said fourth low-resistance region, 

wherein said fourth thin film region has a first end 
portion connected with said third low-resistance region, and 

wherein said fourth tkin film region has a second 
end portion connected with said| fourth low- resistance region; 

a first control electrode formed into a 
substantially rectangular shape having a longer side that is 
at least two times longer tha^nT a shorter side for controlling 
said first and third thin film regions; and 

a second control electrode formed into a 
substantially rectangular shape having a longer side at least 
two times longer than a shorter side for controlling said 
second and fourth thin film regions. 


9 . A semiconductor memory jelement for storing at least 4 
bits, comprising: 

first, second, third and fourth thin film regions 
formed over an insulator and made of a semiconductor; 

first and second flow-resistance regions made thicker 
than said thin film regions and formed into a substantially 
rectangular shape having a/ longer side that is at least two 
times longer than a shorter side; 
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third and fourth low-f resistance regions made thicker 
than said thin film regions, 

wherein said first thin film region has a first one 
end portion connected with saiid first low-resistance region, 

wherein said first thin film region has a second end 
portion connected with said third low-resistance region, 

wherein said second thin film region has a first end 
portion connected with said first low-resistance region, 

tfl wherein said second thin film region has a second 

end portion connected with said fourth low- resistance region, 


wherein said third thin film region has a first end 
portion connected with said jsecond low-resistance region, 

wherein said third thin film region has a second end 
portion connected with saidf third low-resistance region, 

wherein said fourth thin film region has a first end 
portion connected with said second low-resistance region, and 

wherein said fourth thin film region has a second 
end portion connected with) said fourth low- resistance region; 

a first control (electrode formed into a 
substantially rectangular I shape having a longer side that is 
at least two times longer/ than a shorter side for controlling 
said first and third thinl film regions; and 
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a second control electrode formed into a 


substantially rectangular shaj 
at least two times longer than 


e having a longer side that is 
a shorter side for controlling 


said second and fourth thin film regions. 


10. A semiconductor memory element as set forth in claim 9, 
wherein said third and fourtn low-resistance regions are 
connected with said third ancjl fourth low- resistance regions 
by an identical material. 



11. A semiconductor memory element for storing at least 4 
bits, comprising: 

first, second, third and fourth thin film regions 
formed over an insulator anp made of a semiconductor; 

a first low-resistance region made thicker than said 
thin film regions and formed into a substantially rectangular 
shape having a longer side) that is at least two times longer 
than a shorter side; 

second, third, fjourth and fifth low-resistance 


regions made thicker than 


said thin film region, 


wherein said first thin film region has a first end 
portion connected with sa:.d first low-resistance region, 
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wherein said first thin film region has a second end 
portion connected with said second low-resistance region, 


wherein said second 
portion connected with said fir 

wherein said second 
end portion connected with saifi 


H :hin film region has a first end 
st low-resistance region, 

;hin film region has a second 
third low- resistance region, 


wherein said third 
portion connected with said fc 

wherein said fourth 


wherein said third thin film region has a first end 
portion connected with said first low-resistance region, 


in film region has a second end 
urth low-resistance region, 

thin film region has a first end 


portion connected with said first low-resistance region, and 


wherein said fourth 


thin film region has a second 


end portion connected with safd fifth low- resistance region; 

a first control electrode formed into a 
substantially rectangular shape having a longer side that is 
at least two times longer than a shorter side for controlling 
said first and third thin film regions; and 

a second control electrode formed into a 
substantially rectangular shape having a longer side that is 
at least two times longer th; n a shorter side for controlling 
said second and fourth thin J'ilm regions. 
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12. A semiconductor memory element for storing at least 4 
bits, comprising: 

first, second, third knd fourth thin film regions 
formed over an insulator and made of a semiconductor; 

first and second low- resistance regions made thicker 
than said thin film regions ana formed into a substantially 
rectangular shape having a longer side that is at least two 
times longer than a shorter siie; 

third and fourth lovj-resistance regions made thicker 
than said thin film regions, 

wherein said first thin film region has a first end 
portion connected with said first low-resistance region, 

wherein said first (thin film region has a second end 
portion connected with said third low-resistance region, 


wherein said second thin film region has a first end 
portion connected with said first low-resistance region, 

wherein said second thin film region has a second 
end portion connected with said fourth low- resistance region, 

wherein said thirfl thin film region has a first end 
portion connected with said second low-resistance region, 

wherein said third thin film region has a second end 
portion connected with said; third low-resistance region, 
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wherein said fourth thin f/ilm region has a first end 
portion connected with said second low-resistance region, and 

wherein said fourth thin /film region has a second 
end portion connected with said fourth low- resistance region; 

a first control electrode formed into a 
substantially rectangular shape having a longer side that is 
at least two times longer than a /shorter side for controlling 
said first and second thin film regions; and 

a second control electrode /formed into a substantially 
rectangular shape having a longer side that is at least two 
times longer than a shorter side for controlling said third 
and fourth thin film regions. / 

13. A semiconductor memory eCLement as set forth in claim 11, 
further comprising: / 

fifth and sixth low-resistance regions formed of a 
layer different from that of said third and fourth 
low-resistance regions, / 

wherein said fifrh low-resistance region is 
connected with said third flow-resistance region, 

wherein said si4cth low-resistance region is 
connected with said fourth low-resistance region, and 
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wherein said f if th[ low-resistance region and said 
sixth low-resistance region jsxtend in a direction parallel to 
one another. 


14. A semiconductor memory) element for storing at least 4 
bits, comprising: 

first, second, tliird and fourth thin film regions 
formed over an insulator and made of a semiconductor; 

a first low-resiistance region made thicker than said 
thin film regions and formed into a substantially rectangular 
shape having a longer sid£ that is at least two times longer 
than a shorter side; 


second, third, 
regions made thicker thai 


fourth and fifth low-resistance 
said thin film region, 


wherein said f .rst thin film region has a first end 
portion connected with said first low-resistance region, 

wherein said f .rst thin film region has a second end 
portion connected with said second low-resistance region, 

wherein said second thin film region has a first end 
portion connected with said first low-resistance region, 

wherein said second thin film region has a second 
end portion connected with said third low- resistance region, 
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film region has a first end 
low-resistance region, 


wherein said third thir 
portion connected with said first 

wherein said third thin 
portion connected with said fourth low-resistance region, 

wherein said fourth thi/n film region has a first end 


film region has a second end 


portion connected with said f 


irstj 


low-resistance region, and 


wherein said fourth th .n film region has a second 
end portion connected with said^^fth low- resistance region; 

a first control electrsde formed into a 
substantially rectangular shape having a longer side that is 
at least two times longer than a shorter side for controlling 
said first and second thin film/ regions ; and 

a second control eleqtrode formed into a 
substantially rectangular shapa having a longer side that is 
at least two times longer than la shorter side for controlling 
said third and fourth thin film regions. 


15. A semiconductor memory efLement as set forth in claim 14, 
further comprising: 

sixth and seventh iow-resistance regions formed of a 
layer different from that ol/ said second and third 
low-resistance regions, 
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wherein said sixth 
connected with said second lo 


(.ow-resistance region is 
^-resistance region, 


wherein said seventh low-resistance region is 
connected with said third low -resistance region, and 


wherein said sixth 
seventh low-resistance region 


16 . A semiconductor memory e 
bits, comprising: 


Low-resistance region and said 
extend in parallel. 

;.ement for storing at least 4 


ft 


first, second, third and fourth thin film regions 
formed over an insulator and nade of a semiconductor; 

first, second, third, fourth, fifth and sixth 
low-resistance regions made thicker than said thin film 
regions, 

wherein said first thin film region has a first end 
portion connected with said first low-resistance region, 

wherein said first tiin film region has a second end 
portion connected with said th;.rd low-resistance region, 


wherein said second 
portion connected with said 


wherein said second 
end portion connected with sa 


hin film region has a first end 
second low-resistance region, 

i:hin film region has a second 
id fourth low- resistance region, 


\ 
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wherein said third thin film region has a first end 
portion connected with said third low-resistance region, 

wherein said third thin film region has a second end 
portion connected with said filth low-resistance region, 

wherein said fourth thin film region has a first end 
portion connected with said fourth low-resistance region, 

wherein said fourth /thin film region has a second 
end portion connected with said sixth low- resistance region; 

a first control electrode formed into a 
substantially rectangular shape having a longer side that is 


at least two times longer th 


n a shorter side for controlling 


said first and second thin film regions; and 

a second control electrode formed into a 
substantially rectangular shape having a longer side that is 
at least two times longer than a shorter side for controlling 
said third and fourth thin film regions. 


17. A semiconductor memory element for storing at least 4 
bits, comprising: 

first, second, third and fourth thin film regions 
formed over an insulator and made of a semiconductor; 

first and second low-resistance regions made thicker 
than said thin film regions and formed into a substantially 
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rectangular shape having a longer side that is at least two 


times longer than a shorter 


s ide ; 


third, fourth, fifth and sixth low-resistance 
regions made thicker than sa 

wherein said first 


id thin film regions, 
thin film region has a first end 


portion connected with said 


portion connected with saj 


first low-resistance region, 


wherein said first^thin film region has a second end 
lid! phi 


:hird low- resistance region, 


wherein said second thin film region has a first end 
portion connected with said (first low-resistance region, 

wherein said seconjd thin film region has a second 
end portion connected with said fourth low- resistance region, 

thin film region has a first end 
second low-resistance region, 


wherein said third 
portion connected with said 


wherein said third 
portion connected with said 

wherein said fourt 
portion connected with said 


thin film region has a second end 
?ifth low-resistance region, 

1 thin film region has a first end 
second low-resistance region, 


wherein said fourth thin film region has a second 
end portion connected with si id sixth low- resistance region; 


a first control el 
substantially rectangular sh 


sctrode formed into a 
pe having a longer side that is 


t 
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at least two times longer th&n 
said first and third thin fi 


a shorter side for controlling 
Lm regions; and 


a second control electrode formed into a 
substantially rectangular shape having a longer side that is 
at least two times longer than a shorter side for controlling 

film regions. 


said second and fourth thin 



18. A semiconductor memory element for storing at least 4 
bits, comprising: 

first, second, tb[ird and fourth thin film regions 
formed over an insulator and made of a semiconductor; 

first and second low-resistance regions made thicker 
than said thin film regions and formed into a substantially 


rectangular shape having a 


times longer than a shorte:: side; 


third, fourth, f 
regions made thicker than 


longer side that is at least two 


ifth and sixth low-resistance 
said thin film regions; 

seventh and eighjth low-resistance regions made of a 
layer different from that 


of said third, fourth, fifth and 
sixth low-resistance regions, 

wherein said fi::st thin film region has a first end 
portion connected with sa: d first low-resistance region, 
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wherein said first thira film region has a second end 
portion connected with said third, low-resistance region, 

wherein said second thin film region has a first end 
portion connected with said first low-resistance region, 

wherein said second tt.in film region has a second 
end portion connected with said fourth low- resistance region, 

wherein said third thin film region has a first end 
portion connected with said second low-resistance region, 


wherein said third th 
portion connected with said fif 


Ln film region has a second end 
:h low-resistance region, 


wherein said fourth tiin film region has a first end 
portion connected with said second low-resistance region, 

wherein said fourth 1;hin film region has a second 
end portion connected with said sixth low- resistance region; 

a first control electrode formed into a 


substantially rectangular shap 
at least two times longer than 


2 having a longer side that is 
a shorter side for controlling 


said first and second thin film regions; and 


shaj e 


a second control e 
substantially rectangular 
at least two times longer than 
said third and fourth thin fi 


l^ctrode formed into a 

having a longer side that is 
a shorter side for controlling 
m regions, 
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wherein said third lpw-resistance region is 
connected with said seventh low-resistance region, 

wherein said fourth [ low-resistance region is 
connected with said eighth low-resistance region, 

wherein said fifth (low-resistance region is 
connected with said seventh niow-resistance region, and 

wherein said sixth! low-resistance region is 
connected with said eighth lpw-resistance region. 

19. A semiconductor memory f element as set forth in claim 1, 
wherein said low-resistance/ regions are formed over said 
insulator . J 

20. A semiconductor memory element as set forth in claim 2, 
wherein in an information writing or erasing operation, any of 
said low-resistance regioris takes a negative potential. 

21. A semiconductor memory element as set forth in claim 1, 
wherein said low-resistance regions are connected with a 
wiring line of another layer. 
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22. A semiconductor memory element as set forth in claim 1, 
wherein said thin film region is snaped to have a projection 
in a horizontal direction with respect to a film thickness. 


M 


23. A semiconductor memory element as set forth in claim 1, 
wherein said thin film region includes a plurality of lines 
having each of their first and second ends connected with an 
identical one of said low-res istjance regions and controlled by 
a common control electrode. 

24. A semiconductor memory element as set forth in claim 1, 
wherein said thin film region is made of polycrystalline 
silicon having a thickness of 5 nm or less. 


25. A semiconductor memory element as set forth in claim 3, 
wherein the information of a plurality of bits is erased or 
written in a block by changing the potential of a 
semiconductor substrate . 


26. A semiconductor memory element as set forth in claim 1, 
further comprising a second /control electrode in addition to 
said control electrode for controlling said thin film region. 
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27. A semiconductor memory element having a stacked structure 
of said semiconductor memory element as set forth in claim 1. 


28. A semiconductor memory which consists of semiconductor 


claim 1, having at least one 
per regions, corresponding to a 


memory elements as set forth in 
pair of dummy low-resistance u 

data line and a source line, wfyich are not used for a read 
operation. 

29. A semiconductor memory whjich consists of semiconductor 
memory elements as set forth in claim 1, having at least one 
dummy control electrode, corresponding to a word line, which 
is not used for a write or erase operation. 


30. A semiconductor memory 
least one control electrode, 
which is not used for write 


s set forth in claim 1, having at 
corresponding to a word line, 
r erase operation. 


31. A method of forming a memory element for use in a large- 
scale integrated circuit comprising the steps of: 

forming, on a silicon substrate, an insulating 

layer; 

depositing a sili/con nitride film over the 
insulating layer; 
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depositing a highly-doped n-type polycrystalline 
silicon layer over the silicon njitride film to form at least 
two low-resistance regions; 

depositing a layer of /amorphous silicon to form a 
thin film region over the low-resistance regions and a portion 
of the silicon nitride film; 

depositing a layer oi silicon dioxide over the thin 
film and the silicon nitride film; and 

depositing a layer of highly-doped n-type 
polycrystalline silicon over tpe layer of silicon dioxide in 
order to form a control electrode. 


32. The method according to] claim 1, wherein the control 
electrode is formed so as to [completely cover the thin film 
region. 

33. The method according tb claim 2, wherein the memory 
element is capable of storing at least two bits. 


34. A semiconductor memory according to claim 1, wherein 
the thin film region contains first and second low potential 

low potential region defines a 
current path under low current conditions and the second low 
potential region defines an isolated region, and 
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wherein when sufficiently high/voltage is applied to the 
control electrode to generate a loaal electric field between 
the first low potential region and /the second low potential 
region, at least one electron is transferred from the first 
low potential region to the second low potential region where 
the electron is then trapped. I 

35. A semiconductor memory according to claim 34, wherein 
when a sufficiently low voltage /is applied to the control 
electrode, said at least one e^ctron leaves the second low 
potential region. / 

36. A semiconductor memory according to claim 35, wherein 
said thin film is formed froiJ ultra-thin polycrystalline 
silicon. / 


